To determine the ef®cacy of applying speci®c body composition techniques to, and assess the relationship between body mass index (BMI) and body fat levels for Chinese Australian females. CONCLUSIONS: Despite a low mean BMI, body fat levels determined by the three methods suggested that, overall, an unsatisfactory body composition existed. The levels of overweight and obesity (%FM b 30) were higher than reported in previous research despite a mean BMI lower than the Australian national average. Comparative analysis suggested that the body fat prediction techniques used may be precise but not accurate. Comparative results obtained for the BIA and D&W equation techniques suggest an overestimation of body fat levels for leaner individuals and under estimation for overfat individuals. The results support the notion that accurate determination of body composition and the determination of appropriate body size may require equations developed for speci®c ethnic populations.
Introduction
Levels of excess body fat and obesity have been suggested as indicators of health, and may be risk factors for the future development of diseases impacting on mortality and morbidity. 1 However, body weight or size alone may not provide a valid indication of predisposition to excess weight or obesity 2 and the prediction of body composition using commonly available methods may be in¯uenced by ethnicity. 3 Body size expressed as a body mass index (BMI) has been used variously as a predictor of overweight and obesity. 4 However, the determination of underweight, BMI 18.5 or overweight, BMI ! 25 kgam 2 as previously de®ned, 5 may not apply to some ethnic groups, including the Chinese population. This population has a lower BMI but a higher percentage fat mass (%FM) when compared with white Americans.
While BMI may not be an accurate method for determining body fat in certain ethnic populations, skinfold equations provide a quick and easy method for determining body composition. 8 The equations of Jackson and Pollock 9 and Durnin and Womersley 10 have been used in determining body composition on a variety of populations. 8 It has been suggested that most of the skinfold and density techniques were of the same level of accuracy. 2 It has also been suggested that many were populationspeci®c 3 and should only be used for individuals who were similar in age, gender and body type to the criterion population. 1 Varied information exists on the accuracy of many prediction equations when applied to speci®c ethnic groups. 11, 12 For example, one study 12 found no signi®cant difference in values for percentage fat mass (%FM) between hydro-densitometry and the equations of Jackson and Pollock, although a signi®cant difference existed when compared to the values determined from Durnin and Womersley, while others 13, 14 have reported varying results when the tables of Durnin and Womersley were used.
Bio-electrical impedance analysis (BIA) may also produce a close estimate of fat-free mass (FFM) over a wide range of body composition. 15 However, BIA may not be as accurate as desired and, although validated against the values of FFM from deuterium dilution analysis on certain populations, 16 predictive accuracy of BIA may also be improved by using ethnic speci®c equations. 3 The deuterium dilution technique has been used to measure total body water and determine body composition in a number of studies. 13, 17, 18 The method appeared to be accurate over a wide range of body size with BMI from 22 to 66 kgam 2 . 19 However, considerations need to be made for the effect of menarche and menopause, 20 and age-related changes in water distribution, 21 which may effect the determination of body composition using estimates of total body water (TBW).
In a previous study on 47 pre-menopausal Beijing Chinese females, 13 body composition was analysed using the deuterium dilution technique, the skinfold equations of Durnin and Womersley and BIA to determine percentage body fat. Although no signi®cant difference existed between the mean value for percentage body fat from the various techniques, it was suggested that further cross-validation study of body composition techniques was necessary.
The aim of this study was therefore two-fold. The ®rst was to further develop the understanding of body composition within a gender-, age-and ethnic-speci®c cohort, namely Chinese Australian females, by comparing the estimates of body composition derived from the equations of Durnin and Womersley, BIA and the deuterium dilution techniques. The second aim was to examine the relationship between BMI and percentage fat mass of the cohort, to determine if BMI was indeed an indicator of obesity using the current recommendations for under-and overweight.
Method
Subjects for the study (n 40) were volunteers from the Chinese female community, resident in Brisbane, Australia. Participation was restricted to those aged between 18 and 45, an age group de®ned as young adult 22 and selected to reduce the reported confounding effect on body composition of menarche or menopause 20 and age-related changes in water distribution. 21 Chinese descent was determined from self-reported, third-generation, Chinese Asian ancestry. Informed consent was provided prior to participation, with procedures approved by the Ethics Committee for Human Experimentation, at the Queensland University of Technology, Brisbane Australia, prior to commencement of the study.
Height was measured to the last complete millimetre, with the subjects barefoot, using a wall-mounted stadiometer. Weight was measured to 100 g on a calibrated digital electric scale. Body mass index (BMI) was calculated as weightaheight 2 ( kgam 2 ). Body composition was estimated using three techniques. Firstly, skinfold thickness was recorded at the mid-triceps, mid-biceps, sub-scapular and supra-iliac sites using the techniques previously described. 10, 23 The thickness for each site was determined from the mean of three measures. All skinfold measurements were taken by the same investigator. Skinfolds were measured using Harpenden dial gauge skinfold callipers (Holtain Ltd, Crymch). The sum of the four skinfolds was used to determine percentage fat mass from tables derived from the equations of Durnin and Womersley. 10 The equations of Durnin and Womersley were chosen as they have produced varying results in previous research 12, 14, 24 when applied in the study of body composition of Chinese females, and were therefore worthy of further investigation.
Body composition was also determined from total body water using the deuterium dilution technique. 25 Subjects completed a 12 h fast with only water consumption allowed before providing an initial urine sample, prior to consuming a 10% deuterium oxide solution (0.1 gakg body weight) with a dose recorded to 0.01 g. A second urine sample was collected approximately 5 h post-dose.
Total body water was calculated using the formula below:
where A is the dose given in grams, T is the amount of tap water in which the portion of the dose a is diluted before analysis, and E a , E t , E p and E s are the isotopic enrichments in delta units of the portion of the dose, the tap water used, the pre-dose urine sample and the post dose urine sample. Delta units express isotopic enrichment relative to a standard, in this case Vienna-Standard Mean Ocean Water. The technique has a precision of approximately 2%. Fat-free mass was calculated as TBWa0.73. 25, 26 Fat mass was calculated as body weight less fat-free mass and converted to a percentage for statistical comparison.
Finally, body composition was estimated from bioelectrical impedance analysis, using the Bodystat 1500 BIA instrument (Bodystat Ltd, Isle of Man, UK) and methodology previously described. 27 Measurement was taken at the time of deuterium dosing, with subjects supine, in a rested state and at the same level of hydration. The device was attached to surface electrodes placed on the right hand and foot, at sites directly behind the knuckle of the middle ®nger, at the wrist beside the ulnar head, behind the second toe and at the ankle, between and level with the malleoli. Impedance to thē ow through the body of an 800 mA current was measured. Total body water and the fat-free mass were calculated using the internal equations of the device, as were body fat and percentage body fat.
Statistical analysis was conducted using SPSS-V6.
Results
The mean, standard deviation and range for the basic descriptive data of age, height, weight, BMI, duration of residence and total body water are shown in Table 1 . Descriptive data of mean, standard deviation and range for the percentage body fat determined variously from the three body composition techniques are shown in Table 2 . The values for percentage fat mass were signi®cant difference between all three techniques with P`0.05. A frequency analysis from this study for those considered obese by the four techniques Ð BIA, TBW, the equations of Durnin and Womersley and BMI Ð is shown in Table 3 . Table 4 shows the percentage fat mass determined from previous Chinese female studies. 6, 13, 14, 17, 24 Values for percentage fat mass from the deuterium technique used in this study were signi®cantly higher than the previously reported results. However there was no signi®cant difference between the means from the Durnin and Womersley technique and the previous study using the same skinfold equations.
In Table 5 , the between-technique analysis on the percentage body fat data, performed using the Pearson's moment correlation, indicated strong positive correlations. Means analysis using repeated-measure ANOVA was performed on the percentage fat mass data. Between-method analysis suggested that values for percentage fat mass determined from the deuterium technique were signi®cantly different to those from the skinfold equations of Durnin and Womersley (t À9.53, P 0.001) and the BIA results (t 10.58, P `0.001), where statistical signi®cance was set at P`0.05. When the data for percentage body fat was compared between techniques, the signi®cant positive correlation between the methods, together with the signi®cant difference between the means, suggested that, as the percentage fat mass increased, the difference between the two methods increased.
To further analyse the between method variation, the bias analysis method of Bland and Altman 28 was applied. The method calculates bias that may exist between two techniques and may be used to determine the relationship of that bias across the range of measurements by calculating the correlation. A correlation analysis was performed between the mean for the two methods and the difference between those two methods for each of three comparisons.
The Bland and Altman plots for the three comparisons performed are shown in Figs 1 ± 3. The mean bias and correlation data, representing an under-reported percentage Production of body composition DA Lanham et al of total body fat, are shown in Table 6 . A strong negative bias existed between the data from the deuterium and skinfold methods and between the data for the deuterium and BIA methods. A smaller bias existed between the BIA and skinfold techniques.
Discussion
The study aimed to evaluate the differences in the estimates of percentage fat mass derived from the skinfold, BIA and deuterium dilution techniques within a gender, age and ethnic speci®c cohort, namely Chinese Australian females. Additionally, the relationship between BMI and body fat levels and the use of BMI as an indicator of obesity was considered.
Although percentage fat mass determined from the deuterium technique in this study was signi®cantly higher than the values determined from BIA or the skinfold technique, it should also be noted that the values from all three techniques varied signi®cantly from those of previous population studies, shown in Table 4 . The one exception was the study using the equations of Durnin and Womersley, where no signi®cant difference existed between the means from that study and the skinfold data from this study. Another study, 6 using dual photon absorptiometry, suggested a percentage fat mass, higher and lower than the values returned by the various techniques employed in this study. The data presented in Table 4 demonstrate the great range of measures possible within such a large ethnic population (22.4 ± 32.1% body fat), making direct comparisons between studies dif®cult.
When con®ned to an analysis of the results of this study, the body composition as a percentage body fat was signi®-cantly correlated between the three techniques, however the mean values were signi®cantly different. The signi®cant positive correlation, together with the signi®cantly lower mean values, for both the skinfold and BIA techniques when compared against the deuterium technique, suggested that both would not represent the true percentage body fat if the deuterium technique were considered a criterion method. Both techniques appear to overestimate for leaner individuals and underestimate for those with higher levels of body fat, trends reported in previous studies. 12, 29 To analyse the bias that existed between the techniques, the Bland and Altman analysis 28 was performed. The data shown in Table 6 and represented in Figures 1 ± 3 demonstrate the bias between the three methods employed. The bias between the techniques is of concern, in particular the mean for under-reported percentage body weight as fat mass of 7% for the D&W equation and 6% for BIA, when compared with the deuterium technique. The strong negative bias exhibited through this analysis appears to support the conclusion that a factor, possibly ethnicity, may in¯uence the accurate reporting of body composition in this population. Production of body composition DA Lanham et al
An apparent contradiction also appears to exist between the results of the body fat analysis, the rate of obesity reported in Table 3 , and the body image exhibited through BMI. The mean for BMI in the population was similar to that previously reported for this ethnic group within Australia. 4, 7 With BMI ranging from 15.7 to 30.9 kgam 2 , 15% of the subjects fell below 18.5 kgam 2 and could be considered underweight, while overall approximately 88% had a BMI below the overweight threshold of 25.0 kgam 2 . Only ®ve subjects could be considered overweight, with a BMI higher than 25 kgam 2 , and only one subject (2.5%) could be classi®ed as obese, with a BMI over 30.0 kgam 2 . Frequency analysis of percentage fat mass suggests that, despite a low mean BMI, approximately 75% could be classi®ed as overweight or obese with a fat mass b 30%, 30, 31 when percentage body fat was considered using the deuterium dilution technique.
Additionally, the incidence of overweight or obesity as de®ned by the BIA and skinfold techniques was higher than that suggested through BMI analysis. For both techniques a body fat level greater than 25% existed for more than 75% of the subjects. Data from the D&W equation and BIA suggested that 37.5% and 42.5%, respectively, could be considered obese. The results from this study suggest that, irrespective of the assessment method used, an undesirably high level of body fat exists within the cohort, despite an acceptable BMI.
This study attempted to determine the ability to accurately predict body composition within an ethnic community, using three currently available methods. The bias shown in the results suggests that one or more of the equations used in the methods tested may not apply to this Chinese ethnic population. This appears to support the notion that an ethnic factor may affect the accuracy of predicting body composition, using equations derived from a dissimilar ethnic population. Additionally, the generally acceptable BMI displayed did not re¯ect the level of body fat suggested by the three body composition analysis technique, irrespective of the method used.
While this study has contributed to the body of knowledge on the effect of ethnicity on body size and composition, two questions must now be answered. Firstly, is the body composition exhibited in the Australian Chinese female undesirable and does it re¯ect a predisposition to obesityrelated illness, despite a trend towards a desirable BMI? Secondly, If the body composition is undersirable, do we now need to develop ethnic-speci®c BMI standards and body composition equations for the Chinese community?
If the contradictory data found in this study is an indication, it would appear that the accurate determination of body composition, and the degree of associated community health risk within multi-cultural populations may indeed require: the development of ethnic-speci®c body composition prediction equations; a better understanding of the relationship between body composition and BMI; and a greater understanding of the epidemiology of disease within these ethnic groups.
